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Rearrangement of dehydro-L-ascorbic acid 2-phenylhydrazone 3-semicarba-
zone to a pyrazole derivative
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In continuation of our work on the synthesis of nitrogen heterocycles from
dehydro-L-ascorbic acid mono- and bis-hydrazones'~°, we describe herein the
rearrangement of dehydro-L-ascorbic acid 2-phenylhydrazone 3-semicarbazone® to
a pyrazole derivative. Some of the 4,5-pyrazolinediones have shown great biological
activity’ ~'°, and this attracted our attention to preparation of more of these com-
pounds. Thus, treatment of dehydro-L-ascorbic acid monophenylhydrazone (L-threo-
2,3-hexodiulosono-1,4-lactone 2-phenylhydrazone)''*'? (1) with one equivalent of
semicarbazide hydrochloride afforded the 2-phenylhydrazone 3-semicarbazone (2).
Boiling of compound 2 with liquid ammonia afforded 3-(L-threo-glycerol-1-yl)-
4,5-(1 H)-pyrazoledione 4-(phenylhydrazone) (4) on the basis of elemental analysis,
and infrared and mass-spectral data. Its infrared spectrum showed carbonyl absorp-
tion at 1660 cm™! (OCN), in addition to hydroxyl absorption at 3450 cm ™!, and its
elemental analysis agreed with the molecular formula C,,H;,N,O,. The mass
spectrum of 4 showed a molecular-ion peak (also the base peak) at m/z 278, corre-
sponding to structure 4. This was followed by a series of ions arising from elimination
processes involving the sugar moiety and the heterocyclic ring.

Acetylation of compound 4 with boiling acetic anhydride afforded !-acetyl-3-
(tri-O-acetyl-L-threo-glycerol-1-yl)-4,5-pyrazolinedione 4-phenylhydrazone (6). The
infrared spectrum of 6 showed carbonyl absorption at 1660 cm ™' in addition to an
ester band at 1740 cm ™!, The n.m.r. spectrum of 6 showed three acetyl-group signals,
at § 1.87, 1.93, and 2.00, in addition to an N-acetyl group signal at  2.35. On the
other hand, treatment of compound 5§ with benzoyl chloride and pyridine, afforded
a perbenzoate (7), designated 3-benzoyloxy-5-(tri-O-benzoyl-L-threo-glycerol-1-yl)py-
razolin-4-one 4-(2-benzoyl-2-phenylhydrazone). Its infrared spectrum showed an
ester band at 1740 cm ™', and the amide band (at 1660 cm™") of its precursor was
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absent. The pyrazole derivative exists as the keto (4) and enol (5) forms. the enol
form 5 being favored i the presence of a base such as pyridine.

Periodate oxidation of one mol of compound 4 resulted in the consumption
of two mol of the oxidant with the formation of 3-formyl-4,5( I H)-pyrazolinedionc
4-phenylhydrazone (8). The infrared spectrum of 8 showed a broad band at 1680 cm ™
due to the aldehyde and the amide groups. Reduction of compound 8 with sodium
borohydride afforded 3-(hydroxymethyl)-4.5(1 H )}-pyrazolinedione 4-phenylhydrazone
(9). Acetylation of 9 with boiling acetic anhydride gave 3-(acetoxymethyl)-1-acetyl-
4.5-pyrazolinedione 4-phenylhydrazone (10). The infrared spectrum ol 10 showed
amide absorption at 1660 ¢m "', in addition to an ester band at 1740 cm ™', On the
other hand, acetylation of compound 9 with acctic anhydride and pyridine afforded
S-(acetoxvmethyl)-3-acetoxypyrazol-4-one d-(2-acetyl-2-phenylhydrazone) (11). Its
infrared spectrum showed an ester band at 1740 ¢cm !
absorption. The n.m.r. spectrum of 11 showed three singlets, each of three-proton
intensity: the first, at & 2.08. was due to the 3-(acetoxymethyl) group: the second,
at & 2.38, was due to the acetyl group on O-3, deshielded by the heterocychic ring: and
the third, at § 2.68. was attributed to the acctyl group on the hydrazone residue.
The spectrum also showed a singlet, of two-proton ntensity, at 0 5.8 (CH, group),
and the phenyl group appeared as a multiplet at 6 7.30-7.82, Similarly. benzoylation
of 9 with benzoyl chloride and pyridine gave the tribenzoyl derivative (12). The mass
spectrum of compound 12 showed a molecular-ion peak at m.z 330, followed by a
series of peaks due to the elimination of the benzoyl groups.

On condensation of compound 8 with hydroxylamne, 3-formyl-4.5(1 H)-
pyrazolinedione +-phenylhydrazone 3-oxime (13) was obtained. Simularly. when
aldehyde 8 was treated with phenyl-, (p-bromophenyl)-, {p-chlorophenyl)-, and
{ p-nitrophenyl)-hydrazine. it vielded the corresponding hydrazones 14-17 (sec Table

. and there was no amide
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TABLE [

SOME PROPERTIES OF COMPOUNDS 13-19

153

Com- R M.p. Molecular formula Analysis v (em™l)
pound (degrees) — - ——
C H N OH OCN
13 OH 242-243  C1oHsN;O02 Calc. 51.95 3.92 30.27 3320 1660
Found 51.74 3.60 29.84
14 NHCsHs 237-238 Ci16H1aNgO - H:0 Calc. 59.26 4.97 1660
Found 59.16 4.59
15 NHCe¢H4Br-p  211-212 Ci6H13BrNgO Calc. 49.89 3.40 21.80 1660
Found 50.24 3.62 21.60
16 NHCsHsCl-p  262-263 Ci16H13CINGO Calc. 56.40 3.84 24.65 1660
Found 56.74 3.63 24.82
17 NHCgHaNO2-p 274-275 Ci¢HisN7O3-:0.5H20 Calc. 53.34 391 27.20 1660
Found $§3.24 3.96 27.60
18 NHCONH: 239-240 CiuiHu1NzO2 Calc. 48.35 4.05 3585 1660
Found 48.06 4.21 35.62
19 NHCSNH: 238-239 CnHuN;OS Calc. 33.91 1660
Found 33.46
o} o} e}
4 ———= PRHNN /NH ————=  PhHNN /NH ————= PhHNN NAC
N N N/
CHO CH,OH CH,O0AC
8 9 10
o OR o
PhHNN NH PhﬁN N PhHNN NH
/ /
N N N
HC==NR CHZOR HC
HNT M
1R = OH 11 R = Ac
14 R = NHPh 12 R = Bz
1B R = NHCEHBr-p
1R = NHCgH,Cl-p 20
7R =  NHCgH,NO,-p
18 R = NHCONH,
19R = NHCSNH,
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I). Also, it was condenscd with semicarbazide, and thiosemicarbazide, to give com-
pounds 18 and 19, respectively (see Table I).

Reaction of 8 with o-phenylenediamine afforded the pyraczole imidazole (20);
its i.r. spectrum showed an NH band at 3160 ¢cm ', and the amide band at 1660 ¢m™

EXPERIMENTAL

General methods. -- Mclting points were determined with a Tottoli (Biichi)
apparatus and are uncorrected. Lr. spectra were recorded with a Perkin~Elmer
380 B spectrometer, and n.im.r. spectra (for solutions in chlorotorm-¢«, with tetra-
methylsilane as the standard) with Perkin-Elmer R 12 B and Cameca 250 spectro-
meters. Chemical shifts are given on the ¢ scale. Mass spectra were recorded with an
LKB 2091 spectrometer; intensities are gisen in parcntheses, as percentages of the base
peak. Microanalyses were performed in the Service Central d"Analyse du CNRS,
France.

1.-threo-2,3-Hexodivlosono- 1 4-luctone 2-phenyihvdrazone 3-semicarbazone (2).
— A solution of 1-threo-2,3-hexodiulosono-1.4 lactone'' ™ '7 (1. | ¢) n cthanol
(50 mL) was treated with semicarbazide hydrochloride (1 g). sodium acetate (1 g),
and a few drops of acetic acd, and the misture wus dotded under reflux for 3 h.
cooled, and concentrated. The solid that separated out was filtered ofl], successively
washed with water, ethanol, and ether, and dricd (yield 0.8 g). Compound 2 crystal-
lized from ethanol m orange ncedles, m.p. 210- 211 (ht.” m.p. 208211 ).

3-(L-threo-Glyveerol-1-v)-4. 5(TH)-pyrazolinedione 4-phenylivdrazone (4). A
solution of compound 2 (I g) in hquid ammonia (40 mL) was heated under reflus
for 3 h. concentrated to 10 mL, and feft to cool, The solid that separated was filtered
off, and dried (yield 0.5 g). Compound 4 was recrystallized from cthanol: yellow
needles, nup. 140-141"; vMBr3450 (OH) and 1660 ¢cm ' (OCN), m = _"9 (60).
278 (100), 261 (16), 260 (ZU). 247 (40). 229 (76). 217 (38), 201 (701 200 {18), 189 (49),
188 (20), 173 (24), 172 (49), 160 (40). 144 (2R), 143 (363, 142 (22) 139 (44). 126 (17),
119 (16). 106 (26). 105 (66). 104 (66). 98 (46). 93 (66). 2 (40 9 (10), 78 (10).
77 (80), 65 (60), and 61 (26).

Anal. Cale. for C,H ,N,O,: C, 51.80: H. 5.07: N. 20,12 Found: C. 51.61:
H. 4.84; N, 20.49.

1-Acetyl-3-(tri-O-acetyl-L-threo-gly cerol-1-yl)-4, 5-pyrazolinedione  4-phenyihy -
drazone (6). -~ A suspension of compound 4 in acetic anhydride (10 m1.) was boiled
under reflux tor I h. The mixture was poured onto crushed ice. and evaporated
under diminished pressure to a thin syrup. Pure sample was obtained by preparative,
thin-layer chromatography on silica gel using 3:1 (v/v) methanol hexance as cluant:
yNUOL 1740 (ester) and 1660 cin ' (OCN): "H-n.mor. data (CDCLy o 615 (d. 1 H.
H-1).5.7(q, I H, H-2). 4.26 (m. 2 H., H-3), 1.87. 1.3, and 200 (9 H, 3 OCOCH;).
2.35 (s, 3 H. NCOCH;), and 7.22-7.82 (n 5 H. pheny.

Anal. Cale. for C,,H,.N,Oy: C, 3381 H. 4.96: N, 12,34, Found: C. 33.62;
H, 4.71: N, 12.84.
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3-Benzoyloxy-5-(tri-O-benzoyl-L-threo-glycerol-1-yl)pyrazolin-4-one  4-(2-ben-
zoyl-2-phenylhydrazone) (7). — A solution of compound 5§ (0.1 g) in dry pyridine
(10 mL) was treated with benzoyl chloride (0.2 mL) and kept for 4 days at room
temperature. The mixture was poured onto crushed ice, and the solid that separated
was filtered off, successively washed with water and ethanol, and dried (yield 0.1 g).
Recrystallization from methanol gave compound 7 as yellow needles, m.p. 161-162°;
vEBr 1740 cm ™! (ester).

Anal. Cale. for C,oH;(N,Og - 0.5 H,O: C, 68.29; H, 4.44; N, 7.96. Found:
C, 68.13; H, 4.21; N, 8.40.

3-Formyl-4,5(1H)-pyrazolinedione 4-phenylhydrazone (8). — A suspension of
compound 4 (1 g) in water (30 mL) was treated with a solution of sodium meta-
periodate (2 g) in water (20 mL), and the mixture was kept overnight at room
temperature with shaking. The resulting solid was filtered off, successively washed
with water and ethanol, and dried (yield 0.6 g; 74 %,). Recrystallization from ethanol
gave compound 8 as orange needles; m.p. 188-189°; vKB 1680 cm ™' (COH and OCN).

Anal. Cale. for C,HgN,O, - 0.5 H,O: C, 53.33; H, 4.03; N, 24.86. Found:
C, 53.55; H, 4.00; N, 24.72.

3-(Hydroxymethyl)-4,5(IH)-pyrazolinedione 4-phenylhydrazone (9). — A solu-
tion of compound 8 (0.2 g) in methanol (20 mL) was treated with a solution of sodium
borohydride (0.3 g) in water (10 mL), added in small portions with occasional
shaking. The solution was acidified with acetic acid, and the solid that separated was
filtered off, successively washed with water, ethanol, and ether, and dried (yvield
0.1 g). It was recrystallized from ethanol, to give yellow needles, m.p. 178-179°;
vKBr 3450 (OH) and 1660 cm ™' (OCN).

Anal. Calc. for C; H,;(N,O,: C, 55.04; H, 4.62; N, 25.66. Found: C, 55.03;
H, 4.56; N, 25.84.

3-Acetoxymethyl-1-acetyl-4,5-pyrazolinedione 4-phenylhydrazone (10). — A
suspension of compound 9 (0.1 g) in acetic anhydride (5 mL) was boiled under reflux
for 1 h. The mixture was poured onto crushed ice, and the product that separated
was filtered off, successively washed with water and ethanol, and dried (yield 60 mg).
Recrystallization from ethanol gave compound 10 as yellowish-orange needles, m.p.
153-154°; vKBr 1740 (OAc) and 1660 cm ™' (OCN); 'H-n.m.r. data (CDCl;): 6 2.08
(s, 3 H, OAc), 2.52 (s, 3 H, NAc), 5.16 (s, 2 H, methylene), and 7.3-7.65 (m, 5 H,
phenyl).

Anal. Calc. for C,H,,N,0,: C, 55.63; H, 4.66; N, 18.52. Found: C, 55.59;
H, 4.68; N, 18.32.

5-(Acetoxymethyl)-3-acetoxypyrazol-4-one 4-(2-acetyl-2-phenyihydrazone) (11).
— A solution of compound 9 (0.1 g) in dry pyridine (10 mL) was treated with acetic
anhydride (10 mL), and the mixture was kept for 4 days at room temperature,
and poured onto crushed ice. The solid that separated was filtered off, successively
washed with water and ethanol, and dried (yvield 50 mg). Compound 11 was re-
crystallized from ethanol-benzene; yellow needles, m.p. 125-126°; vKBr 1740 cm™?

max

(ester); m/z 219 (12), 218 (100), 201 (18), 200 (44), 189 (20), 172 (38), 172 (66),
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160 (10), 159 (10). 143 (22). 142 (20), 141 (60), 131 (18), 126 (42), 116 (36), 115
(36), 111 (10), 105 (36). 104 (24). 98 (24). 92 (46). 91 (10). 83 (30), 78 (26), 77 (80).
and 55 (42).

Anal. Cale. for C (H, N,O5: C. 55.81; H. 4.68: N. 16.26. Found: C. 55.40;
H, 4.32: N, 16.64.

S-(Benzovioxvrmethy 1)~ 3-benzviovypyrazol-4-one  4-(2-henzoy - 2-phenvifydra -
cone) (12). —— A solution of 9 (0.1 ¢) in dry pyridine (10 mL) was treated with benzoyl
chloride (0.1 g), and the mixture was kept for 4 days at room temperature, and
poured onto crushed ice. The solid was filtered off, washed successively with water
and ethanol, and dried (yicld 40 mg). Compound 12 was recrystallized from ethanol:
yellow needles. m.p. 157-158 : "H-n.m.r. data (CDCl5): & 4.72 (5. 2 M. methylene).
7.16-8.12 (m, 20 H. 4 phenyl); m,;z: 531 (20), 530 (30). 420 (28). 425 (100). 411 (. ")
410 (50), 398 (12), 397 (12}, 363 (20), 322 (70), 321 (68), 304 (72), 276 (48), 248 (44
217 (50). 200 (46), 196 (301, 180 (28), 170 (82), 143 (24). 122 (761, 106 (R2). 105 (90)
92 (70), 91 (88), 77 (80). 65 (60}, and 61 (90).

Anal. Calc. for C;H,.NO4 - 0.5 H,O: €, 68.88: H, +.29; N. 10.36. Found:
C, 69.27: H. 4.28: N. 10.56.

Condensation products (13-19) of  3-formyl-4,5( [H V-pyrazolinedione 4-(pheayi-
hydrazone). — A solution of aldehyde 8 (0.1 g) in ethanol (20 mL ) was treated under
reflux with the respective hydroxylamine, arylhydrazine. scncarbazide. and thio-
semicarbazide (one molar proportion) and a few drops of acetic acid. Each product
crystallized from ethanol in orange crystals (see Table ). Mass-spectral data for
compound 18: sz 274 (30). 273 (100) 236 (80). 230 (36). 229 (72). 212 (22), 199
(36). 189 (36), 171 (25), 130 (28), 125 (36). 122 (11), 106 (12). 105 (60). 104 (18
92 (70). 91 (12), 93 (17), 78 (46). and 77 (66).

Pyrazole imidazole derivative (20). — A solution of 8 (0.1 g) in ethanol (20 mL)
was treated with o-phenylenediamine (0.1 g) in ethanol (20 mL) coptaining a few
drops of acetic acid. The mixture was boiled under reflux, and cooled to room
temperature, and the solid was filtered off, washed with ether, and dried (yvield 30 mg).
Compound 20 crystallized {rom methanol in orange needles, m.p. 239-240 : (M
1660 ecm~ ! (OCN).

Anal. Calc. for CgH ,N,O: C, 62.74: H. 4.60: N, 2742, Found: C. 62.40;
H, 4.32: N. 27.00.
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